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that patients with mutations in the N-terminal, transmembrane
nonpore, and C-terminal regions have a significantly decreased
incidence of cardiac events than those with missense mutations
in the pore region (S5-loop-S6), which appear to cause
dominant negative effects.®”

In the present study, we identified a novel missense
mutation in the transmembrane nonpore region of the
KCNH2 gene that resulted in an amino acid substitution
of threonine for proline acid at position 473 (T473P) in 2
members of a Japanese family with LQTS. The proband and
his father showed significantly prolonged corrected QT
(QTec) interval and torsades de pointes (TdP). The electro-
physiological study showed that the T473P genetic change
was a dominant negative mutation that led to loss of KCNH2
function, and Western blot analysis indicated that this mutant
had a trafficking defect.

Methods

DNA isolation and mutation analysis

Genomic DNA was isolated from the subjects’ white blood
cells by using conventional methods and was amplified by
using standard polymerase chain reaction. All exons of
the KCNQI, KCNH2, SCN5A, KCNEI, KCNE2, and KCNJ2
genes were sequenced by using an ABI PRISM 310 Genetic
Analyzer.

Plasmid constructs and electrophysiology

The hERG cDNA was cloned into the mammalian expression
vector pSI (Promega, Madison, WI). The T473P mutation
was constructed by using an overlap extension strategy.

CHO-K1 cells were cultured and transiently transfected
with wild-type (WT) hERG (1 pg) alone, hERG WT and
hERG T473P (1 pg each), or hERG T473P (1 pg) alone
by using FuGENE 6 Transfection Reagent. Cells were also
cotransfected with an appropriate amount of the green
fluorescent protein cloned into the pCGI vector for a total
of 3 pg of cDNA per transfection. Cells displaying green
fluorescence 48-72 hours after transfection were subjected
to electrophysiological analysis. To test whether LQT2
mutations undergo pharmacological rescue, E4031 or thap-
sigargin (Alomone Labs, Jerusalem, Israel) was added to the
culture media before the experimental study.

Membrane currents were studied essentially as described
previously.'® Data were acquired by using pCLAMP software
(version 8.2; Axon Instruments/Molecular Devices, Sunnyvale,
CA). Pooled data were expressed as mean = standard error, and
statistical comparisons were made (Origin 8.6, OriginLab,
Northampton, MA) with P < .05 considered as significant.

Western blot analysis

Western blotting was performed as described previously.''?

Briefly, 2 days posttransfection, whole-cell lysates were-

prepared as described previously'' by using a lysis buffer
containing 50 mM Tris, 150 mM NaCl, 0.25% Triton X-100,
5 mM NaF, and protease inhibitors. Ten micrograms of cell
extracts was loaded into a 7% polyacrylamide gel and prepared

for polyacrylamide gel electrophoresis and Western Blot
analysis. Following transfer onto nitrocellulose membranes,
rabbit anti-hERG primary antibody (Alomone Labs; 1:400) and
HRP-linked donkey anti-rabbit secondary antibody (Amersham
Biosciences/GE Healthcare Life Sciences, Uppsala, Sweden;
1:10,000) were applied, and the bands were visualized with
ECL (Amersham Biosciences/GE Healthcare Life Sciences).

Results

Clinical characterization and genetic analysis

The proband (Figure 1E, arrow) was a 37-year-old man who
had syncope and was diagnosed with epilepsy at the age of 7.
He had been treated with 150 mg of phenytoin; however,
syncope still occurred several times a year. An electrocardio-
gram (ECG) taken during a routine health checkup at the age of
37 showed a mild prolongation of the QTc interval of 455 ms
(Figure 1A, top). Early one morning, approximately 1 month
after the health examination, the patient suddenly experienced
cardiopulmonary arrest and was found to have ventricular
fibrillation by the emergency crew. He received electrical
defibrillation twice with an automated external defibrillator and
was brought to the emergency department of our hospital. He
had a significantly prolonged QTc interval of 566 ms upon
admission (Figure 1A, middle). After admission, he- experi-
enced repeated TdP (Figure 1A, bottom). Temporary transve-
nous ventricular pacing was initiated to prevent pauses that
may trigger TdP, and beta-blocker was also administered for
symptomatic LQTS. He received an implantable cardioverter-
defibrillator on his 21st day of hospitalization. Phenytoin was
discontinued after hospital admission since his syncope was
considered to be unrelated to epilepsy. He had not experienced
syncope since the initiation of beta-blocker therapy.

The proband’s father was also observed to have a
prolongation of QTc interval at 526 ms during a family
study for LQTS (Figure 1B, top) but did not have a history
of syncope at that time. He had been treated with bisoprolol,
valsartan, and amlodipine for hypertension since his early

- 60s. At the age of 74, he was afflicted with a respiratory tract

infection and hypokalemia (2.9 mEq/L) as indicated by a
blood test. He was prescribed 400 mg of garenoxacin
once daily for the respiratory infection and subsequently
developed syncope during the night. The ECG upon admis-
sion showed significant prolongation of QTc (668 ms)
(Figure 1B, middle), and he experienced repeated TdP after
admission (Figure 1B, bottom). He promptly discontinued
the garenoxacin treatment, and instead received a replace-
ment of potassium and temporary transvenous ventricular
pacing. Bisoprolol was continued after this cardiac event.
One morning, at the age of 75, he suffered a fatal
cardiopulmonary arrest. Since hypokalemia (3.0 mEq/L)
had been detected again during an outpatient visit a few
days earlier, it is likely that TdP and ventricular fibrillation
may have led to this fatal event.

Genetic analysis was performed after obtaining written
informed consent, which revealed that both the proband and
his father had a missense mutation consisting of an A to C
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Figure 1  Electrocardiography and genetic analysis. A: Electrocardiograms (ECGs) of the proband. ECGs showed a mildly prolonged corrected QT (QTc)
interval of 455 ms at a routine medical checkup and a significantly prolonged QTc interval of 566 ms upon hospital admission. Electrocardiographic tracing
during the hospital stay showed torsades de pointes. B: ECGs of the proband’s father. ECGs showed a prolonged QTc interval of 526 ms during a family study
and a significantly prolonged QTc interval of 668 ms upon hospital admission. Electrocardiographic tracing during the hospital stay showed torsades de pointes.
C: DNA sequence analysis of the KCNH2 gene in the proband. A single nucleotide transition from A to C at nucleotide position 1417 in the KCNH2 gene
occurred in 2 affected family members. D: Amino acid sequences of the S2 and S2-S3 linkers of the hERG channel and 6 potassium channels. The box indicates
the site of the T473P substitution. E: The pedigree and QTc intervals. The arrow in the pedigree indicates the proband. Numbers indicate the length of the QTc

interval (in ms). Closed squares indicate heterozygous male patients with the KCNH2 T473P mutation. Open squares indicate unaffected male patients without

the KCNH2 T473P mutation.

substitution at nucleotide 1417 of the KCNH2 gene, resulting
in an amino acid substitution from a highly conserved
threonine to proline at position 473 of the Kv11.1 channel
(Figures 1C—1E). This mutation is located in the transmem-
brane nonpore region and was not found in patients with the
normal QTc interval or in the 150 healthy controls.

The proband’s brother and son did not have a history of
syncope and showed normal QTc interval in their ECGs
(Figure 1E). Genetic analysis revealed that they did not have
the T473P mutation.

Electrophysiological characteristics

To define the functional change of the T473P missense
mutation, we transiently expressed hERG WT, hERG
T473P, and hERG WT+hERG T473P in cultured mamma-
lian cells for whole-cell voltage clamp measurements.
Voltage clamp recording from WT showed a slowly activat-
ing outward current by step depolarizations (Figure 2A, left).
By contrast, T473P did not express any functional channels
(Figure 2A, center). When WT and T473P were coexpressed
in CHO-K1 cells, the currents were less than one-fourth of
control currents that were expected from expression of WT
alone (Figure 2A, right). The current-voltage relationships

for activating peak currents (Figure 2B) and tail currents
(Figure 2C) were recorded during depolarizing pulses. The
mean amplitude of the tail currents measured at —50 mV,
after a depolarizing test pulse of +40 mV, was 10.5 = 2.4
pA/pF for the WT+HT473P channels (n = 20), which
was significantly smaller than for WT-alone channels
(40.5 = 6.1 pA/pF; n = 15; P < .05). The T473P mutant
did not generate any currents (n = 11). These results suggest
that hERG T473P channels have dominant negative effects.

The amplitudes of the activating currents produced by the
WT+T473P channels were too small to evaluate with the
pulse protocol shown in Figure 2A. For this reason, we
monitored recovery from inactivation (Figure 2D). The
current density of the tail currents was —43.7 = 10.5 pA/pF
for WT-+T473P (n = 15), which was significantly smaller
than for WT alone (—105.5 = 17.0pA/pF;n=15; P < .05)
(Figure 2E). The normalized current-voltage relationships
for tail currents of WT and WT+T473P showed that their
mean V. values were —12.3 = 0.9 mV (n = 15; slope
factor 8.3 = 0.5) and —10.9 = 0.4 mV (n = 15; slope factor
11.0 = 0.3), respectively (Figure 2F).

We next evaluated deactivation and steady-state inactiva-
tion of the T473P mutant channels. The fast and slow
deactivation time constants showed no difference between
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WT (n = 24) and WT+T473P channels (n = 15)
(Figure 3A). Similarly, when the inactivation process was
analyzed by using the voltage clamp method, the V,, of
inactivation yielded —56.9 *+ 4.5 mV for WT (n = 20; slope
factor 25.2 = 3.3) and —59.9 + 2.9 mV for WT+T473P
(n = 20; slope factor 25.9 = 2.1) (Figure 3B). Thus, no
significant difference in the steady-state inactivation kinetics
was observed as compared to WT.

Western blot analysis
To determine the effects of the T473P mutant on intracellular
processing and trafficking, we assessed the glycosylation

+40 mV, and peak tail currents were
measured during a 3-second pulse
to —120 mV and plotted as a function of
the prepulse potential, with a holding
potential of —80 mV. E: I-V relationships
of tail currents for WT alone (closed
circle; n = 15) and WT+T473P (closed
triangle; n = 15). F: Mean amplitudes of
normalized tail currents for WT alone
(closed circle, n = 15) and WT+T473P
(closed triangle, n = 15).

7 200 ms

60 40 20 0
Membrane potential (mV)

20 40

pattern by using Western blot analysis. As shown in
Figure 4, WT resulted in 2 protein bands: a core-
glycosylated form of about 135 kDa and a mature, fully
glycosylated form of about 155 kDa. By contrast, the T473P
mutant showed only 1 band of 135 kDa. This finding
indicated that the T473P protein is incompletely processed
and does not traffic correctly.

Effect of E4031 or thapsigargin on KCNH2 T473P
mutation

Previous reports have shown that drugs that bind to hERG,
such as E4031 and the SERCA inhibitor thapsigargin, can
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Figure 3  Deactivation and steady-state inactivation of hERG T473P in CHO-K1 cells. A: Deactivation time constants of wild-type (WT) (closed circle;

n = 24) and WT+HT473P (closed triangle; n = 15). Current was activated by 2-second pulses to +20 mV, followed by a return to test potentials between ~50
and —100 mV. B: Normalized steady-state inactivation curves of WT (closed circle; n = 20) and WT+T473P (closed triangle; n = 20). To construct the
inactivation curve, a voltage protocol (inset) was employed: a 3-second depolarizing pulse to inactivate hERG channels, followed by varying repolarizing pulses
to a potential between —130 and +60 mV for 12 ms, and then a test pulse to +30 mV. The current amplitude at the test potential was normalized and plotted

against the prepulse potential. Curves represent best fits to a Boltzmann function.

rescue trafficking defects of certain trafficking-deficient
hERG variants'>'>; therefore, we assessed the effects of
the 2 drugs on T473P mutants. As a control, we included the
hERG variant G601S, which is known to be rescued by this
treatment, in our analysis. In cells expressing the trafficking-
defective hERG G601S channels, the absolute peak tail
current density in control condition was 19.2 %= 5.0 pA/pF .
(n=17; Figure 5, left). After 24 hours of incubation with 10 uM
E4031 or 1 uM thapsigargin, the current was significantly
increased with an absolute peak tail current density of
58.0 = 15.5 pA/pF (n = 10; P < .05) and 47.2 * 14.6

Figure 4 Incomplete glycosylation of hERG T473P indicates lack of
intracellular processing and trafficking. In 3 independent experiments,
hERG wild-type (WT) and hERG T473P were transfected into 100-mm
dishes of CHO cells, as described previously. Two days posttransfection,
whole-cell lysates were prepared as described previously by using a lysis
buffer containing 50 mM Tris, 150 mM NaCl, 0.25% Triton X-100, and
5 mM NaF. Ten micrograms of cell extracts was loaded into a 7%
polyacrylamide gel and prepared for polyacrylamide gel electrophoresis
and Western blot analysis. Following transfer onto nitrocellulose mem-
branes, rabbit anti-HERG 1 primary antibody (Alomone, 1:400) and
HRP-linked donkey anti-rabbit secondary antibody (1:10,000, Amersham
Biosciences/GE Healthcare Life Sciences) were applied. The blot was
developed with ECL (Amersham Biosciences/GE Healthcare Life Sciences).
Molecular weight markers are indicated on the left. The arrows on the right
mark the position of the fully (top) and incompletely (bottom) glycosylated
hERG proteins. In all 3 independent experiments, T473P remained incomple-
tely glycosylated while hLERG WT showed the mature glycosylation pattern.

PA/PF (n = 8; P < .05), respectively (Figure 5, left). Unlike
the G601S-transfected cells, there was no current in cells
expressing the hERG T473P channels in control condition
(n = 9) (Figure 5, center). Administration of 10 pM E4031 or
1 uM thapsigargin for 24 hours resulted in no pharmacolo-
gical rescue of hERG current (n = 9 and n = 8, respectively;
Figure 5, center). We next studied the effect of E4031 or
thapsigargin treatment on the coassembly of hERG WT and
the T473P mutant (Figure 5, right). E4031 exposure sig-
nificantly increased the absolute tail current density from
33.8 = 5.7 pA/pF (n = 25) in control cells to 67.3 = 16.0
pA/pF (n = 15; P < .05) in treated cells (Figure 5, right).
By contrast, thapsigargin exposure did not affect KCNH2
WT current; the absolute peak tail current density was
32.2 = 6.9 pA/pF (n = 19) in treated cells, which was not
significantly different from that in controls (Figure 5, right).

Discussion

In this report, we describe a novel missense KCNH2
mutation in patients who exhibited the congenital or acquired
form of LQTS. The proband (Figure 1E, II-2 and arrow) was
first diagnosed with epilepsy when he was 7 years old but
continued to have repeated syncope in spite of continued
antiepileptic medication. Previous reports indicate that
patients are sometimes initially misdiagnosed with epilepsy
and later receive a delayed diagnosis of LQTS.'*!7 The
misdiagnosis of epilepsy and the treatment with antiepileptic
drug medications is especially common in patients with
LQT2."” We consider it likely that the index patient’s -
repeated syncope was caused by TdP associated with LQTS,
rather than epilepsy because 3 decades later he developed
ventricular fibrillation and was diagnosed with LQTS. This is
further supported by the fact that he did not experience
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Figure 5

Effect of E4031 or thapsigargin on the trafficking-defective KCNH2 mutations. The voltage clamp protocol is shown in the inset. From a holding

potential of —80 mV, 5-second depolarizing pulses of +20 mV were applied, followed by a 3-second pulse of —120 mV. Absolute peak tail current densities
of the G601S current, the T473P current, or the coexpressed WT+T473P current recorded at —120 mV from control cells, cells incubated in 10 pM of E4031 for
24 hours, or cells incubated in 1 pM of thapsigargin for 24 hours. "P < .05 vs control cells.

syncope after the initiation of beta-blocker therapy. The
proband’s ECGs showed diurnal variability in the QTc
interval, which might have resulted in his delayed diagnosis
of LQTS; the QTc interval taken during daytime 1 month
before the serious arrhythmic event was not significantly
prolonged. According to previous reports, QTc intervals are
longer at night than during the day in normal subjects.'® The
QTc interval and variability peak shortly after awakening,
which may reflect increased autonomic instability and
explain the increased vulnerability to ventricular tachycardia
and sudden cardiac death in the morning.'® Diurnal varia-
bility in QTc¢ interval duration in LQTS has also been shown.
Patients with LQT1 and LQT2 show trends for modest QTc
shortening and lengthening, respectively, during the night
compared with daytime, while patients with LQT3 show
clear lengthening of the QTc interval during the night."®
Goldenberg et al?® reported that there was considerable
variability in QTc measures in serial follow-up ECGs, and
the maximum QTc interval provided incremental prognostic
information in LQTS. Forty-one percent of the study patients
had a maximum QTc of > 500 ms, whereas only 25% of the
patients had a baseline QTc interval of >500 ms during
adolescence.” ;

The proband’s father showed prolonged QTc interval and
developed repeated TdP under hypokalemic conditions and
after the administration of garenoxacin. Generally, the QT
interval is prolonged by low extracellular potassium, which
decreases I, by enhancing I, inactivation,?! accelerating
internalization and degradation of hERG channels,?* and
enhancing blockage of the hERG channels by extracellular
sodium.* Some fluoroquinolones inhibit Ix, and have been
associated with TdP, resulting in QTc interval prolonga-
tion.* Garenoxacin, a novel quinolone antibiotic agent, is
reportedly safe in healthy subjects.>> However, in a separate
report, TdP was induced by adding oral garenoxacin to
disopyramide under hypokalemic conditions.?® In this parti-
cular case, it was possible that reduced repolarization
reserves due to enhanced Ik, inhibition caused by a

combination of KCNH2 mutation, hypokalemia and oral
garenoxacin contributed to QT interval prolongation and
arrhythmia development.”’

We identified a novel missense mutation in the trans-
membrane nonpore region of the hERG protein from patients
with LQTS. Most mutations involving the pore region of
KCNH?2 are missense mutations with dominant negative
effects, whereas those in the nonpore regions are mostly
associated with coassembly or trafficking abnormalities
resulting in haplotype insufficiency.?® A previous report
showed that patients with missense mutations in the trans-
membrane nonpore region did not have significantly higher
rates of cardiac events as compared to patients with missense
mutations in the transmembrane pore region.” The KCNH2
T473P mutation identified in this study showed trafficking
abnormality and generated no current at all while exhibiting
dominant negative effects on WT channels. Patients harbor-
ing this mutation showed a severe clinical course. The
finding of a nonpore mutation that can cause a dominant
negative effect is not novel: mutations in the KCNH2C-
terminal region, A915fs+47X and G816V, also caused a
trafficking defect that acted in a partially dominant negative
manner.”® In addition, previous studies reported several
mutations that are located adjacent to position 473 of the
KCNH2 gene.'>?33 Interestingly, KCNH2 D456Y,"
F463L,>' N470D,">*? and T4741'>** mutants all displayed
protein trafficking deficiencies and caused a dominant
negative effect on the WT hERG current. To explain this,
a previous study proposed that the misfolded mutant subunits
assemble with WT subunits in the endoplasmic reticulum to
cause endoplasmic reticulum retention of the coassembled
channels by the quality control system.>*

Many trafficking-deficient LQT2 channels can be pharma-
cologically rescued by the administration of the drug E4031,
which causes high-affinity inhibition of hERG channels, or the
sarcoplasmic/endoplasmic reticulum Ca*™-ATPase inhibitor
thapsigargin.'>™*> In the electrophysiological study, homo-
meric T473P channels were not pharmacologically rescued by
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either E4031 or thapsigargin (Figure 5, center). Consistent
with these findings, our preliminary study showed that despite
a 6-hour treatment with 1 uM thapsigargin, complete glyco-
sylation of hERG T473P was still not observed on Western
blot. However, our electrophysiological study showed that
heteromeric channels (coassembled hERG WT and T473P
subunits) were rescued only by E4031 (Figure 5, right). Thus,
this indicated that T473P is partially and selectively rescued
by E4031. A previous study showed that E4031 was also able
to pharmacologically rescue the mutations adjacent to position
473 both upstream (N470D) and downstream (T474I),
although thapsigargin could not."> This region may include
trafficking-deficient mutations that can be rescued by E4031,
but not by thapsigargin.

Our study identified a novel genetic change in the KCNH2
gene, which indicated that certain mutations in the trans-
membrane nonpore region can result in protein trafficking
defects and exhibit dominant negative effects. These muta-
tions seem to be concentrated in the region between S2 and
S2-S3 linkers of the hERG channel and may cause severe
clinical course in affected patients.
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Background: Hypertrophic cardiomyopathy (HCM) is a disease of the sarcomere, and approximately 5% of
cases of HCM show systolic dysfunction with poor prognosis. Few data exist regarding the systolic dysfunction
in a large population of genotyped HCM subjects.

Hypothesis: The aim of this study was to assess the systolic dysfunction and prognosis in sarcomere gene
mutation carriers.

Methods: The study included 157 sarcomere gene mutation carriers from 69 unrelated HCM families (87 males;
mean age, 46.5 + 20.5 years). After exclusions for systolic dysfunction at baseline, 107 subjects underwent
serial echocardiograms. . .
Results: At a mean follow-up of 7.0 years, 12 subjects experienced systolic dysfunction. In multivariate Cox
analysis, systolic dysfunction was related to age and ejection fraction at initial evaluation (P < 0.001 and
P = 0.020, respectively), and was associated with the absence of mutations in the cardiac myosin-binding
protein C gene (MYBPC3) (P = 0.042). When the subjects were divided into MYBPC3 and non-MYBPC3
mutation carriers, and time from birth to development of systolic dysfunction was compared, the rate of
systolic dysfunction was higher in the non-MYBP(3 group than in MYBPC3 group (Kaplan-Meier, log-rank test,
P = 0.010). After the onset of systolic dysfunction, 11 of 12 subjects died during a mean follow-up of 8.3 years.
Conclusions: Non-MYBP(3 mutation carriers developed left ventricular systolic dysfunction more frequently
than MYBPC3 mutation carriers, and the majority of sarcomere gene mutation carriers with systolic dysfunction
had fatal outcomes during follow-up. This suggests that subjects with mutations in sarcomeric genes require

careful management for systolic dysfunction.

Introduction

Hypertrophic cardiomyopathy (HCM) is a primary disorder
of the myocardium that causes distinctive anatomic and
histologic features,! and it is the most frequent cause of
sudden cardiac death in young athletes.? Epidemiologic
data indicate that 2 in 1000 young adults have unexplained
hypertrophy.> Mutations in genes that encode sarcomere
proteins including cardiac myosin-binding protein C gene
(MYBPC3), cardiac troponin T gene (TNNT2), cardiac
troponin I gene (TNNI3), and cardiac p-myosin heavy
chain gene (MYH7) are well-established causes of the
disease.}* Studies in populations with familial HCM often
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reported that mutations in sarcomere proteins could be -
detected in around 50% of study subjects.*~% Left ventricular
systolic dysfunction has been regarded as a relatively
common disease complication of HCM.”"1% However, the
characterization of left ventricular systolic dysfunction has
been hindered by the small number of subjects with the
disease (single cases or small groups of subjects).!1-13 We
have reported that subjects with HCM caused by mutations
in TNNT2 and TNNI3 start to develop left ventricular
systolic dysfunction at around 40 years of age.!*~!7 In
addition, we and others have reported that subjects with
HCM caused by mutations in MYBPC3 also progress to left
ventricular systolic dysfunction,!8!? although the clinical
features of HCM associated with mutations in MYBPC3 have
late onset and a favorable clinical course.2’ These data may
provide useful information on genetic counseling strategies
of affected subjects with sarcomere gene mutations.
However, these previous studies have been based largely
on HCM subjects with a single gene mutation.14-1%

The primary aim of the present study was to compare
the clinical course of left ventricular systolic dysfunction
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in subjects with HCM in a relatively large population with
mutations in various sarcomeric genes. The secondary aim
was to assess the prognosis of the HCM subjects who
developed left ventricular systolic dysfunction.

Methods

This study included 69 unrelated probands with HCM
exhibiting disease-causing mutations in genes such as
MYBPC3, TNNT2, TNNI3, and MYH?7. In addition, their
family members were evaluated clinically and genetically,
and 88 carriers with the same etiological sarcomere gene
mutation as each proband were identified. Thus, a total 157
genetically affected subjects (87 males; mean age, 46.5 &
20.5 years) comprised the study population. All subjects
were identified at Kanazawa University Hospital or its
affiliated hospitals (from primary to tertiary care centers)
between 1998 and 2009. The diagnosis of HCM was based
on the echocardiographic demonstration of left ventricular
hypertrophy (LVH) (maximal left ventricular wall thickness
>13 mm) in the absence of other cardiac or systemic
causes for the left ventricular hypertrophy. These subjects
also met the definition and classification proposed by
the 1995 World Health Organization/International Society
and Federation of Cardiology Task Force.! Subjects with
systolic dysfunction were also included in this study. To
compare the differences in the clinical course between
several disease-causing genes, carriers with multiple
mutations were not included in this study. Written informed
consent was obtained from all subjects or from the parents
of minors participating in the study in accordance with
the guidelines of the Bioethical Committee on Medical
Research, Graduate School of Medical Science, Kanazawa
University, Kanazawa, Japan.

DNA was isolated from peripheral white blood cells
of ‘all subjects by use of a DNA extractor (ABI 341
Genepure Nucleic Acid Purification System; Applied
Biosystems, Carlsbad, CA). In vitro amplification of
genomic DNA was performed via polymerase chain reaction
(PCR). Oligonucleotide primers were used to amplify all
exons and exon-intron boundaries of 4 sarcomere genes,
namely MYBPC3, TNNT2, TNNI3, and MYH7 using
standard protocols as previously described.!4-18 Single-
strand conformational polymorphism analysis of amplified
DNA was then performed as previously described,-18
with a slight modification. We also screened for mutations
in sarcomere genes using high-resolution melt analysis
as previously described.?’ For abnormal single-strand
conformational polymorphism patterns or abnormal melt
profiles, the nucleotide sequences of the cloned PCR
products were determined on both strands (bidirectional
sequencing) by the dye terminator cycle sequencing method
using an automated fluorescent sequencer (ABI PRISM
310 Genetic Analyzer; Applied Biosystems). The sequence
variation was confirmed by restriction enzyme digestion.
Samples from 400 chromosomes of 200 ethnicity-matched
normal individuals were also analyzed.

Standard transthoracic M-mode and 2-dimensional
echocardiographic studies were performed to identify and
quantify the morphological features of the left atrium and
left ventricle. The left atrial dimension was measured at

end-systole. Maximal wall thickness (MWT) of the left ven-
tricle was defined as the greatest thickness in any single
segment. Left ventricular end-diastolic dimension (LVDd),
left ventricular end-systolic dimension (LVDs), interventric-
ular septal thicknesses (IVST), and posterior wall thickness
(PWT) were measured at the level of the tips of the mitral
valve leaflets. Ejection fraction (EF) was calculated by Teich-
holz’s method and by modified Simpson’s method when left
ventricular dilatation or regional decrease of left ventricular
wall motion occurred. Systolic dysfunction was defined as
EF <50% according to a previous report.?® The echocar-
diographic parameters and the course of development of
systolic dysfunction were compared among the genotyped
HCM subjects. Differences between values measured at
baseline and follow-up were analyzed by the Student paired
t test. Differences between groups were analyzed by the Stu-
dent unpaired ¢ test. Categorical variables were compared
by the x? test for independent variables. A multivariate Cox
analysis was performed to find predictor factors of systolic
dysfunction. The age that subjects developed systolic dys-
function for the first time was estimated according to the
Kaplan-Meier method, and comparison of the 2 groups was
performed by means of the log-rank test. A P value <0.05
was considered statistically significant in all analyses. Statis-
tical analyses were carried out with the computer software
SPSS version 17.0 (IBM SPSS, Armonk, NY).

Results

The clinical and genetic characteristics of the study
population are presented in Table 1; 26 different mutations
were identified in 157 subjects. Left ventricular outflow
tract obstruction (pressure gradient at rest >30mm
Hg) was detected only in 4 subjects (hypertrophic
obstructive cardiomyopathy), and none of them underwent
percutaneous septal ablation. Most of these mutations
have been identified and described elsewhere. 14192427
Three nonsense mutations, p.Gln541ter, p.Tyr816ter, and
p.Gln827ter in MYBPC3 and 3 missense mutations,
p.Ala200Thr, p.Ala321Val, and p.Ser866Pro in MYH7 were
novel and presumed to be pathogenic by standard criteria
of the absence of the mutation in large numbers of
normal controls, alteration of evolutionarily conserved
residues, and/or predicted impact on protein structure.
Two missense mutations p.Val85Leu in TNNT2 and the
missense mutation p.Met822Leu in MYH7 were due to
alteration in the nucleotide sequences, GTG to TTG, ATG
to CTG, respectively; this the first report of these nucleotide
alterations in these genes.

At the initial evaluation, 9 subjects showed systolic
dysfunction. Of the 9 subjects, 3 were MYBPC3 mutation
carriers (2 of p.Arg820GIn from 2 families and 1 of
p-GIn998Glu), 2 were TNNT2 mutation carriers (both
p.Arg92Trp from 1 family), 2 were TNNI3 mutation carriers
(both p.Lys183del from 2 families), and 2 were MYH7
mutation carriers (1 of p.Gly733Glu and 1 of p.Met822Leu).
As for the frequencies of subjects with systolic dysfunction,
5.4% (3/56) were MYBPC3 mutation carriers, 8.7% (2/23)
were TNNT2 mutation carriers, 3.6% (2/56) were TNNI3
mutation carriers, and 9.1% (2/22) were MYH7 mutation
carriers. There were no differences among the carriers
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Table 1. Clinical and Genetic Characteristics of the Study Population

of the 4 genes with respect to the frequency of systolic
dysfunction (P = 0.72). To study the clinical course of
the development of systolic dysfunction, 9 subjects who
had systolic dysfunction at the initial evaluation were
excluded, and 107 of the 157 subjects underwent serial
echocardiography at least a month apart. The data from
107 subjects (54 males; mean age, 44.7 + 20.9years;
mean follow-up, 7.0 £ 4.9 years) were analyzed. During
the mean follow-up period of 7 years, 12 subjects out of 107
experienced systolic dysfunction (1.60 cases per 100 person-
years). In multivariate Cox analysis, systolic dysfunction
was closely related to the age and ejection fraction at initial
evaluation (P < 0.001 and P = 0.020, respectively), and
was closely related to the absence of mutation in MYBPC3
as a disease-causing gene (P = 0.042). Therefore, we
divided the 107 subjects into 2 groups, those with MYBPC3
mutations and those with other sarcomere gene mutations

Table 2. Serial Changes of Echocardiographic Parameters During
Follow-up

(non-MYBPC3), and compared the age to the development
of systolic dysfunction.

There were 36 subjects in MYBPC3 and 71 subjects
in non-MYBPC3 groups. At the time of initial evaluation,
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Table 2. Continued

no significant differences were found between MYBPC3
and non-MYBPC3 groups, respectively, for the following
variables: IVST, PWT, MWT, LVDd, and LVDs (Table 2).
There was no significant difference in EF between the
2 groups at baseline. However, the percent decrease in EF
was significantly greater in the non-MYBPC3 group between
baseline and last evaluation or the time of development
of systolic dysfunction (69.0 £ 84% vs 63.7 + 13.0%;
P < 0.001) (Figure 1), whereas there was no significant
change in the MYBPC3 group in this time interval.
Furthermore, Kaplan-Meier analysis comparing the age at
which systolic dysfunction developed showed a significant
difference between MYBPC3 and non-MYBPC3 groups (log-
rank test, P = 0.010) (Figure 2). In the MYBPC3 group, 1
subject out of 36 subjects developed to systolic dysfunction
at the age of 71 in 6.3 years (0.44 cases per 100 person-
years). On the other hand, in the non-MYBPC3 group, 11
subjects out of 71 subjects developed to systolic dysfunction
in 7.3 years (2.12 cases per 100 person-years, P = 0.093).
Next, we investigated the prognosis of the 12 subjects
who developed systolic dysfunction (Table 3). Systolic dys-
function had a wide range of age for onset (ie, 41 to 74 years;
mean, 58.9 & 11.9 years). Three subjects (25.0%) were 41 to
50 years old, 4 subjects (33.3%) were 51 to 60 years old, 1
subject (8.3 %) had onset age of 62, and 4 subjects (33.3 %)
were over 70 years old. Four subjects (33.3%) were male,
and the mean age at death or the most recent evaluation was
67.3 &+ 11.5 years. All 12 subjects were admitted to hospital
for heart failure, and 11 out of 12 subjects (91.7%) died
within the follow-up period (8.3 & 4.0 years). Four out of 11
subjects (36.4%) died of refractory heart failure, 4 subjects
(36.4%) died suddenly from causes related to heart failure,
2 subjects (18.2%) died of interstitial pneumonia after heart
failure, and 1 subject (9.1%) died of cerebral infarction with
atrial fibrillation with use of an appropriate dose of warfarin.

Discussion

In this longitudinal study, 107 of the 157 genotyped HCM
subjects underwent serial echocardiography, and during
the mean follow-up period of 7 years, 12 subjects out of
107 experienced systolic dysfunction (1.60 cases per 100
person-years). The major finding was, that in a relatively

large population of genotyped HCM subjects, EF decreased
significantly in the non-MYBPC3 group (69.0 =+ 8.0% to 63.7
+ 13.0%, P < 0.001) (Figure 1), and freedom from systolic
dysfunction was lower in subjects in the non-MYBPC3 group
than those in MYBPC3 group (Kaplan-Meier, log-rank test,
P = 0.010) (Figure 2).

The clinical features of HCM are particularly
heterogeneous.”® A patient subset characterized by clinical
progression of left ventricular systolic dysfunction has been
described.9-13 Most of the prior literature about systolic
dysfunction is, however, limited to isolated or small groups
of subjects.?~13 Recently, Harris et al reported on a cohort
of HCM subjects with systolic dysfunction in a multicenter
study thatincluded the largest group of subjects with systolic
dysfunction reported to date.?® In that study, incidence of
systolic dysfunction was 1.12 cases per 100 person-years. In
our study, incidence of systolic dysfunction was 12 cases per
749 person-years of follow-up (1.60 cases per 100 person-
years); the rates in these 2 studies were similar, which
suggests that the cohort of 157 genotyped HCM subjects
in this study was comparable to the cohort of 1259 study
subjects in the former study in terms of systolic dysfunction.
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Figure 1. The percent decrease in ejection fraction in MYBPC3 and
non-MYBPC3 groups. MYBPC3, myosin-binding protein C gene; NS, not
significant.
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Figure 2. Kaplan-Meier analysis comparing the age at which systolic
dysfunction developed in subjects in the myosin-binding protein C'
(MYBPC3) gene and non-MYBPC3 groups.
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Recent advances in molecular genetics have demonstrated
that HCM can be considered as a disease of the sarcomere.
Some studies have investigated the relationship between
specific sarcomere gene mutation and systolic dysfunction;
however, these were limited to subjects with mutations in a
single gene only.*~19 In the multicenter cohort of over 1200
HCM subjects,?® 44 subjects demonstrated systolic dys-
function, and 3 probands were genotyped to HCM-causing
sarcomere protein mutations: p.Gly716Arg in MYH7 in 2
and G-791 in MYBPC3 in 1. This number of subjects (6.8%,
3 of 44) is very limited. On the other hand, we studied a
relatively large population of HCM subjects with several
sarcomere gene mutations and analyzed the relationship
between disease-causing genes and systolic dysfunction.
We found that freedom from systolic dysfunction was
lower in subjects in the non-MYBPC3 group than those
in MYBPC3 group in this longitudinal study (Kaplan-
Meier, log-rank test, P = 0.010) (Figure 2). This could
be explained by several findings in the recent study. Sakata
et al investigated left ventricular function reserve in HCM
patients with and without mutations in cardiac troponin
genes (TNNT2 and TNNI3) before transition to systolic
dysfunction.?® Interestingly, the group of subjects with tro-
ponin gene mutations showed a significant increase in left
ventricular end-systolic volume during an exercise test. This
suggests that subjects with troponin gene mutations display
exercise-induced left ventricular systolic dysfunction more
frequently than HCM subjects without troponin gene muta-
tions. The authors speculated that the mechanism of the
systolic dysfunction was myocardial ischemia due to lumen
narrowing of intramural coronary arteries. It was reported
that the use of calcium channel blockers in advance of
established clinical disease could prevent HCM caused by
sarcomere protein gene mutations in a mouse model,?

therefore the use of calcium channel blockers to ameliorate
ischemia in advance of established systolic dysfunction may
be useful to prevent the progression to systolic dysfunction
in HCM.

Next, we investigated the prognosis of the 12 subjects who
developed systolic dysfunction during follow-up (Table 3).
At the time of presentation of systolic dysfunction, the mean
age of the 12 subjects was 58.9 years (range, 41-74 years)
and 67.3 years (range, 51-84 years) at death or the most
recent evaluation, All of the 12 subjects were admitted to the
hospital for heart failure, and 11 out of 12 subjects (91.7%)
died within the follow-up period, which means the prognosis
of genotyped subjects with HCM demonstrating systolic dys-
function is poor. The present study demonstrated that HCM
subjects with mutations in sarcomere-related genes other
than MYBPC3 develop left ventricular systolic dysfunction
more frequently than those with MYBPC3 mutations, and
most of those who developed systolic dysfunction died
within mean period of 8.3 years. These observations may
provide important prognostic information in the clinical
practice of HCM, which suggests that subjects with muta-
tions in sarcomeric genes require careful management for
systolic dysfunction from the point of view of prognosis.

There remain several limitations of the present study.
First, in recent studies, multiple gene mutations have been
reported, which may further contribute to the disease
heterogeneity.30-3% We did not include carriers with multiple
mutations in this study to compare the differences in the
clinical course between multiple disease-causing genes;
however, we should also assess the influence of multiple
mutations on HCM phenotype as the next step. Second,
heart transplantation should have been considered for many
subjects who showed systolic dysfunction in our study;
however, heart transplantation is not common in Japan. It

Table 3. Clinical Data From 12 Subjects Who Showed Systolic Dysfunction During Follow-up
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appears that without the option of heart transplantation, the
natural course of systolic dysfunction related to sarcomere
genes mutations often follows an adverse course with fatal
outcome. Last, 46 out of the 71 subjects in the non-MYBPC3
group were TNNI3 mutation carriers (Table 2), which
might reflect a founder effect. However, we also included
subjects with mutations in MYBPC3 that were reported to
be associated with systolic dysfunction.1819

Conclusion

Non-MYBPC3 mutation carriers developed left ventricular
systolic dysfunction more frequently than MYBPC3 muta-
tion carriers, and the majority of sarcomere gene mutation
carriers with systolic dysfunction had fatal outcomes dur-
ing follow-up. This suggests that subjects with mutations in
sarcomeric genes require careful management for systolic
dysfunction.

References

1. Seidman JG, Seidman C. The genetic basis for cardiomyopathy:
from mutation identification to mechanistic paradigms. Cell.
2001;104:557-567.

2. Maron BJ, ShiraniJ, Poliac LC, etal. Sudden death in young
competitive athletes. Clinical, demographic, and pathological
profiles. JAMA. 1996;276:199~204.

3. Maron BJ, Gardin JM, Flack JM, et al. Prevalence of hypertrophic
cardiomyopathy in a general population of young adults.
Echocardiographic analysis of 4111 subjects in the CARDIA
Study. Coronary Artery Risk Development in (Young) Adults.
Circulation. 1995;92:785-789.

4. Arad M, Seidman JG, Seidman CE. Phenotypic diversity in hyper-
trophic cardiomyopathy. Hum Mol Genet. 2002;11:2499-2506.

5. KimuraA, Harada H, Park JE, etal. Mutations in the cardiac
troponin I gene associated with hypertrophic cardiomyopathy.
Nat Genet. 1997;16:379~382.

6. Spirito P, Seidman CE, McKenna WJ, et al. The management of
hypertrophic cardiomyopathy. N Engl | Med. 1997;336:775-785.

7. Maron BJ. Hypertrophic cardiomyopathy: a systematic review.
JAMA. 2002;287:1308-1320.

8. Maron BJ, McKenna W], Danielson GK, et al. American College
of Cardiology/European Society of Cardiology clinical expert
consensus document on hypertrophic cardiomyopathy. J Am Coll
Cardiol. 2003;42:1687-1713.

9. Maron BJ, Spirito P. Implications of left ventricular remodeling in
hypertrophic cardiomyopathy. Am J Cardiol. 1998;81:1339~1344.

10.  Spirito P, Maron BJ, Bonow RO, etal. Occurrence and signifi-
cance of progressive left ventricular wall thinning and relative
cavity dilatation in patients with hypertrophic cardiomyopathy.
Am J Cardiol. 1987;60:123-129.

11.  Maron BJ, Epstein SE, Roberts WC. Hypertrophic cardiomyopa-
thy and transmural myocardial infarction without significant
atherosclerosis of the extramural coronary arteries. Am J Cardiol.
1979;43:1086--1102.

12.  Shirani J, Maron BJ, Cannon RO, et al. Clinicopathologic features
of hypertrophic cardiomyopathy managed by cardiac transplanta-
tion. Am J Cardiol. 1993;72:434-440.

13.  Hecht GM, Klues HG, Roberts WC, et al. Coexistence of sudden
cardiac death and end-stage heart failure in familial hypertrophic
cardiomyopathy. J Am Coll Cardiol. 1993;22:489-497.

14. Kokado H, Shimizu M, Yoshio H, et al. Clinical features of hyper-
trophic cardiomyopathy caused by a Lys183 deletion mutation in
the cardiac troponin I gene. Circulation. 2000;102:663-669.

15.  Fujino N, Shimizu M, Ino H, et al. Cardiac troponin T Arg92Trp
mutation and progression from hypertrophic to dilated cardiomy-
opathy. Clin Cardiol. 2001;24:397-402,

16.

17.

18.

19.

20.

21

22.

23.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Fujino N, Shimizu M, Ino H, et al. A novel mutation Lys273Glu
in the cardiac troponin T gene shows high degree of penetrance
and transition from hypertrophic to dilated cardiomyopathy. Am
J Cardiol. 2002;89:29-33.

Shimizu M, InoH, Okeie K, etal. Septal wall thinning and
systolic dysfunction in patients with hypertrophic cardiomyopathy
caused by a cardiac troponin I gene mutation. Am Heart ].
2002;143:690-695.

Konno T, Shimizu M, Ino H, et al. A novel missense mutation in
the myosin binding protein-C gene is responsible for hypertrophic
cardiomyopathy with left ventricular dysfunction and dilation in
elderly patients. ] Am Coll Cardiol. 2003;41:781-786.

Kubo T, Kitaoka H, Okawa M, etal. Lifelong left ventricular
remodeling of hypertrophic cardiomyopathy caused by a founder
frameshift deletion mutation in the cardiac myosin-binding protein
C gene among Japanese. | Am Coll Cardiol. 2005;46:1737-1743.
Niimura H, Bachinski LL, Sangwatanaroj S, et al. Mutations in the
gene for cardiac myosin-binding protein C and late-onset familial
hypertrophic cardiomyopathy. N Engl | Med. 1998;338:1248—1257.
Richardson P, McKenna W, Bristow M, et al. Report of the 1995
World Health Organization/International Society and Federation
of Cardiology Task Force on the Definition and Classification of
cardiomyopathies. Circulation. 1996;93:841-842.

Chiu C, Bagnall RD, Ingles ], et al. Mutations in Alpha-Actinin-
2 Cause Hypertrophic Cardiomyopathy. JAm Coll Cardiol.
2010;55:1127-1135.

Harris KM, Spirito P, Maron MS, etal. Prevalence, clinical
profile, and significance of left ventricular remodeling in the
end-stage phase of hypertrophic cardiomyopathy. Circulation..
2006;114:216-225.

Konno T, Shimizu M, Ino H, et al. A novel mutation in the cardiac
myosin-binding protein C gene is responsible for hypertrophic
cardiomyopathy with severe ventricular hypertrophy and sudden
death. Cli Sci (Lond). 2006;110:125-131.

Uchiyama K, Hayashi K, Fujino N, et al. Impact of QT Variables
on clinical outcome of genotyped hypertrophic cardiomyopathy.
Ann Noninvasive Electrocardiol. 2009;14:65-71.

Funada A, Konno T, Fujino N, et al. Impact of renin-angiotensin
system polymorphisms on development of systolic dysfunction
in hypertrophic cardiomyopathy. Evidence from a study of
genotyped patients. Circ J. 2010;74:2674-2680.

CardioGenomics. http://cardiogenomics.med.harvard.edu/home.
Accessed January 24, 2012,

Sakata K, Ino H, Fujino N, etal. Exercise-induced systolic dys-
function in patients with non-obstructive hypertrophic cardiomy-
opathy and mutations in the cardiac troponin genes. Heart.
2008;94:1281-1287.

Semsarian C, Ahmad I, GiewatM, etal. The Ltype calcium
channel inhibitor diltiazem prevents cardiomyopathy in a mouse
model. J Clin Invest. 2002;109:1013-1020.

Ho CY, Lever HM, DeSanctis R, et al. Homozygous mutation in
cardiac troponin T implications for hypertrophic cardiomyopathy.
Circulation. 2000;102:1950-1955.

Richard P, Charron P, Leclercq C, et al. Homozygotes for a R869G
mutation in the beta -myosin heavy chain gene have a severe
form of familial hypertrophic cardiomyopathy. J Mol Cell Cardiol.
2000,32:1575-1583.

Richard P, Charron P, Carrier L, et al. EUROGENE Heart Failure
Project. Hypertrophic cardiomyopathy: distribution of disease
genes, spectrum of mutations, and implications for a molecular
diagnosis strategy. Circulation. 2003;107:2227-2232.

Van Driest SL, Vasile VC, Ommen SR, etal. Myosin binding
protein C mutations and compound heterozygosity in hypertrophic
cardiomyopathy. ] Am Coll Cardiol. 2004;44:1903—-1910.

Ingles J, Doolan A, Chiu C, et al. Compound and double mutations
in patients with hypertrophic cardiomyopathy: implications for
genetic testing and counselling. J Med Genet. 2005;42:e59.

Kubo T, Kitaoka H, Okawa M, et al. Genetic screening and double
mutation in Japanese patients with hypertrophic cardiomyopathy.
Circ J. 2011;75:2654-2659.

6 Clin. Cardiol. (in press)
N. Fujino et al: Systolic dysfunction.in genotyped HCM
Published online in Wiley Online Library (wileyonlinelibrary.com)
DO!:10.1002/clc.22082 € 2012 Wiley Periodicals, Inc.

—664—



CDH13 Gene Coding T-Cadherin Influences Variations in
Plasma Adiponectin Levels in the Japanese Population

Human Mutation

HUMAN GENO WE
CARIATION SOCIETY
R

P

Hiroko Morisaki,' Itaru Yamanaka," Naoharu lwai,? Yoshihiro Miyamoto,3* Yoshihire Kokubo,* Tomonori Okamura,?

Akira Okayama,* and Takayuki Morisaki™**

? Departments of Bioscience and Genetics;*Genomic Medicine, National Cerebral and Cardiovascular Center Research Institute, Usaka, Japan;
3Dapartments of Atherosclerasis, Metabolism and Clinical Nutrition; *Preventive Cardiology; National Cerebral and Cardipvascular Center, Osaka,
Japan; *Departinent of Molecular Pathophysiology, Osaka University Gradiate School of Pharmaceutical Sciences; Osaka; Japan

Communicated by Mictiael Déan
Received 13 May 2011; accepted ravised manuscript 24 October.2011,
Published online 7 November 2011 in Wiley Online Library twww.wiley.com/t

Introduction

Adiponectiii is one of the miost abuindaiit gene products expressed
in adipose tissue [Maeda et al, 1996]. It is also well known to
play an important role in metabolic regulation affecting obesity;
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insulin sensitivity, or atherosclerosis [ Yamauchi et al., 2001]. Plasma
adiponectin levels-are known to be correlated with body mass index
(BMI), type 2 diabetes mellitus (T2DM), or even coronary-artery
disease [Hotta et al,, 2000]. Several studies have also shown. that
adiponectin plays many metabolic effects including antidiabetic,
anfiatherosclerotic, or anti-inflamm atory action [Matsuzawa et al.,
2004]. Also, itis suggested to affect therelationship between obesity
and insulin resistance or T2DM [Kern et al., 2003]. Production of
adiponectin and plasma adiponectin concentrations 'was known to
be regulated by complexed mechanismas [Yu and Ginsberg, 2005],
For exarnple, its expression is increased by leanness, adrenalectorriy,
insulin-like growth factor L,ionemycin, or thiazolidinediones, while
it.is decreased by obesity, turior necrosis factor-w, ghicocorticoids,
B-adrenergicagonists, or cyclic AMP. Iivaddition, genetic factors are
-also suggested to regulateadiponectinconcentration as shown by the
family study [Menzaghi et al., 2007] or several génome-wide linkage
seans [Yang and Chuang, 2006]. Several candidate genes include
the adiponectin structural gene (ADIPOQ; MIM# 605441) as well
as-the genes encoding adiponectin-regulatory proteins have been
"postulated to influence the adiponectin concentration [Ntalla et al,,
2009], though the role of genetic variants regulating adiponectin.
function on insulin resistance, T2DM, or coronary artery disease,
has not been clearly determined.

Recently, the development of Tow-¢ost, high-throughput geno-
typing technology made it possible to identify common genetic

-variants influencing health outcomes on a genome-wide scale. Sev-
eral studies wereperformied to identify the genetic determinants of
metabolic syndrome (MetS) and related traits, In one study, a-corn:
prehensive assessment of the genetic determinants of-adiponectin
levéls was performed on a génornie-wide basis in northern and west-
ern European population in addition.to genome-rwide linkage and
association:analyses, and the genetic influences on plasma levels of
adiponectin were evaluated [Ling et al., 2009].

Here; to identify genes influencing varation in plasma
adiponectin levels, we performed a genome-wide association study
on plasma adiponectin concentration in subjects.recruited in Suita,
Osaka, Japan.

Materials and Methods

Suita Study

The:Suita study was initiated asa cohiort study: for cardiovascular
diseases of urbart residents of Japanese in 1989, The details of this
study were desciibed elsewhere [Iwai et al., 2002]. Data from 5,098
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participants (2,404 men and 2,694 women) were initially included
in the analysis. DNA. samples: were ‘prepared from 3,310 partici-
pants (1,527 mien and 1,783 women) after informed consént was
abtained. This cohort study was approved by the ethics committee

of the National Cardiovasaular Ceriter. Subjects ieceived a physical
" exam during which height, weight, and waist circumference were
measured-according to a standardized protocol. Blood samples were
collected after a'12-hr fast. Plasma adiponectin level and other blood
chemical levels including sérum total cholesterol (TC), high den~
sity lipoprotein (HDL) cholesterol, triglyceride (TG}, glucose, and
insulin were measured. Hypertension was defined as either a sys-
tolic blood pressure (SBP) 2140 mm Hg, a diastolic blood pressure
(DBP) 90 mmv Hg, or the use of anitthypertensive-agents. Diabetes
was defined as a fasting serum glucose 7.0 mmol/L (126 mg/ dl), the
use of antidiabetic agents, or both, MetS was defined using modified
NCEP-ATP 111 criteria { Heng et al., 2006 ] based on the Interniational
Obesity Task Force central obesity criteria for Asia [Kanazawa et-al,,
2002},

Yahaba Study

The Yababa study was initiated-as a cohort study for cardiovascu-
lar, diseases of rural residents.in 2007; DNA samiples were prepared
from 172 participants (69 men and 103 women) after informed
consent-was obtained. This cohort study was also approved by the
ethics committee of the Nationl Cardiovascular Center. Blood sam-
ples wete collected as the Suita study. The samples were also used
for the:measurement of the same parameters performed in‘the Suita
study.

Adiponectin Measurement

Plasma adiponectin level was measured using an enzyme-linked
immunosorbent assay (Mercodia, Uppsala, Sweden). Prior to ge-
netic andlyses, mean levels of adiponectin and other traits weve
compared between groups using linear regression in SAS version 9
(SAS Institute, Cary, NC).

Association Study

The association study was initially carried out to identify specific
single nucleotide polymorphisms (SNPs) associated with variation
in log-transformed adiponectin levels.in the Suita Study. Genotyp-
ingwas initially performed using the IHumina 550K chip (lumina,
San Diego, CA). TagMan system (Life Technologies, Carlsbad, CA)
was then used for further genotyping of the individual SNPs. Ex-
clusion criteria of SNP genotypes for this study were minor allele
frequency (MAF) <0.1, P(Hardy-Weinberg equilibrium) <0.05, or
typing rate <0:98. The genome-wide SNP association analysis for
adiponectin was performed in a simple linear regression and ad-
ditive genetic model without adjustiment. In. addition to reporting
market-wise statistical test tesults, genome-wide levels of statistical
significance were- calculated by applying a Bonférroni correction.
‘Linkage disequilibrium structure was evaluated at selected locus re-
gions using the Haploview software (Broad Institute; Cambridge,
MA). For further genotyped individual SNPs, assodation analysis
was performed in a multiple linear regression model with adjust-
ment for age, sex, and BML

Restilts

The statistical analysis in the initial stage {Suita-1) was performed
with the data from 842 individuals of Suita study. Based-on theexclu-

sion criteria of SNP genotypes, 348,622 SNPs were analyzed. Figure 1
shows genome-wide association with plasma adiponectin aswell as
a plot of the P~values of each SNP according to its physical location
encompassing CDHI3 gene (MIM# 601364) region in the initial
screening of samples of Suita study. In this analysis;, genomic infla-
tion.factor (based on median chi-squared) was 1 and cutoff P-value
after applying a Bonferroni correction was 1,43 x 1077, Seven SNPs
(four SNPs in choromosome 11 and three SNPs in chromosome
16) were significantly associated with plasma adiponectin. Since
these SNPs in chromosome 16 (rs4783244:G>T; rs9940180:C>T,
157193788:A>G) were located in CDHI3 gene but SNPs in chromo-
some 11 (rs563272:C>T at 115512749, 15483058:A>G at 115513725,
187125373:AGoat 115532483, rs1621764:C>T at 115538977) were
not located within or near the known genes, we concentrated SNPs
located in chromosome 16 in this study. We also evaluated thelink-

age disequilibrium plots of these SNPs in chromosome. 16; Tlie

strongest statistically associated SNP (rs4783244) lay in the first
intron of CDH13 geneiri a 30-kb haplotype block covering the pro-

moter region to first intron. Haplotype analysis using seven SNPs

in ‘;this block (rs16957844:A>C, rs3844412:C>T, 1s3865186:C>T,
159940180, 157193788, 154783244, 158047711:A>G) revealed that the

hapletype withithe strong evidence of association was indeed tagged

by a single tag SNB rs4783244 (Supp. Table §1). Since the selection
of tag SNPs in Ulumina Infinium 11 assay was based on thie haplo-
type data of Caucasian population, we next evaluated the haplotype
block structurein Japanese population using genotype data avail-
able from the international HapMap project. Although the extent
ofhiaplotype block of this region in Japanese was similar with that
in Caucasians based on.the calculated linkage disequilibrium (LD)
measure r* (Supp. Fig: $1), major-haplotype structure consistingthe
haplotype block including rs47§3244 was quite different, suggesting
we:should reassess the fag SNP selection using Japanese set of SNP
data. All HapMap SNPs available in 33-kb region bounded by SNPs
152318177:C>T and rs8045889:C>T that covers the30-kb haplotype

‘block, were screened by LD measure—presenting the 2 < 0.7 with,

alltag SNPs in Illumina assay system. Seven SNPs (rs11646213:A>T,
1512051272:G>"T, rs16957848:C>T, rs3852729: A5 C, 1538651 83:A>G,

156565051:A>G, 1s8060461:A>G) met ‘these criteria. Of these, six

SNPs (1511646213, rs16957848, 1538527295 rs3865183, 156565051,
rs8060461) were-excluded since they siowed stronger # with other
SNPs presented in Ilumina assay system than with rs4783244 (Supp.
Table $2), So, the TagMan probe set predesigned for the remained
112051272, which had been excluded frorn Tllumiiia assay systeri.
because of a low MAF in Cancasian population (Supp. Table.82),
was obtained and genotyped in the same Japanese population. In-
teréstingly, the 1512051272 SNP-presented even stronger association
swith plasma adiponectin levels than rs4783244 (P = 2.6x 10™? for
unadjusted, and 9.5 % ‘10 adjusted for sex, age, and BMI) in this
initial stage study (Suita-1).

Next we genotyped these two SNPs, 154783244 and 1512051272,
inthe whele set of Suitd Study subjects usinga TagMan PCR method
(Table 1), We intensively included the sarnples from the first screen-
ing to measure the typing discreparicy between. two methods. The
replicate errot rate between two methods in rs4783244 was.0:59%.
Those five subjects with ambiguous data-were accordingly excluded.
from the further analysis. ‘

The statistical analysisin the second stage (Suita-2) was then con-
ducted with the data from remaining 2,468 Suita study participants
left out from the first screening (Table 1). The basic characteristics
of these two groups are similar-as shown in Table 2; The mean age
was older in the second group as expected since the aged partici-
pants were excluded from the first screening. Accordingly; the mean
adiponectin level; which was known to be affected by age, was higher
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Table 1. Results of Genotyping Two SNPs, rs4783244 and rs12051272, in the CDH13 Gene, in Suita-1, Suita-Z, or Yahaba

Set “Suita-l Suiita-2 Yahaba
Number{M/F} 373/464 114451311 af7int
Pevalue Pvalue P-value
Sxp MAF Mean  SD Unadi a5 adj anBadj Mean Uinadi A adj 25,8 adj Mean  SB Unadj as adj 45,8 adj
(34783244 063 626 496 336 Wt 151 x 107 898 % 10 260 326.x 107 299 Wt 235 x40 $.32, 033 11,30
806 542 8.60
978 649 o100
360 L5 AITx Y L6310 LIl 109 472 8.4 % 10710 45 x 10" 630 x 108 586 107 633 x10° 732 10
3.33 579
4.34 G464 .
360 FE7 % 10Y 1EsEx w38k ™ 638 424 %1% 230w 160 % 107 0.063) .0007 0.0006
4.89 715
6.06 §.26
sl 2051272 0.31 428 382%107 163 x 10 L5 10 794 LESx M 18wt 49 x gt 045 .45 042
540 858 .
660 100 )
165 88lx W 322k 10?2301 468 260 5 1010 439 % 197 532w W 5880 W% 633 x 10 FRxw?
3.23 378 603
2431 ) ) 6.63 10.0
323 26Lx 1Y 282% 1077 oew WP 635 260610 193 % 07 BT xR 731 00047 20013 40011
483 AT 932 I
608 825 w09 696

© M, malesF, fomales MAE iinor allele frequencys 1, nipaor alleles 2. major-alfiles wiadj, imadjnsteds as adj, age and sex adjusted; a,s.1adj, age, sex, and BMLadjusted.
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Figure 1. Genome-wide association with plasma adiponestin in Suita population. A: Manhattan plot. B: PP plot. &: P-values of each SNPs
dccarding to its physical location encompassing EOH I gene region were shown,

in the second group (P < 0.001). But the irtergroup difference in
‘plasma adiponectin levels was not significant after adjustment for
age and sex (P = 0.23). Using the second group, the two SNPs ex-
amined showed again statistically significant association with log-

Table 2. The Basic Characteristics of Groups for the Study

Sufta- Suita~2 Yahlsa.
Number 542 2468, 172
Female sex percent 35.6 333 5949
Am 582700 66,7 {1131 622(6:8) ¥
BMI (kg/m®s 22,8 (2.9 228 (32) 243 (3.1}
Waistthip ratio 0,884.0.046) : 0913 {0,078 B

Adiponectin {pg/dl) 70(5.3) 7.5 (5.9} 9.8 {7.6) e
6 (mgrdl* 2115 (32.5) 207.4 (52.3) 2110 (32.8)  *
LDLe (mg/dD) 126:1 (29.5) 131.6.(32.0)
HDLe (mg/dl) 59.9 (15.6) 603 (1a0) ¥
TG {mgfdly 934 (5161 1009 (389) ¢
$BP (mmHgy 1231 (17.3) 1314 (19.6) iRgeo b
DBP {rm Hg) 77400403 780 010,07 Boaney ¢
Fasting insulin (1 Usml} 44 (3.3} 48 {38) 555 (4,9) b
Fasting glucose (mldiy 94.8 (1443 992 {18.8}

821142y b
All meastizes were shown in mean {30
*Varialiles were log tranformed for intthal cafeulation of mean and $I: Values in fuble
were shown as untransformned values,
“Statistically significans difference,
Statistically significant difference bepwegn Sulta {1+ 2) and Yahaba cobort,

transformed plasma adiponectin levils (P = 4.2 x 107 and 2.6 x
105 for rs4783244 and rs12051272, respeetively). The-association
was even more significant after adjustrnent for sex,.age, and BMI
(P = 1.6 x 10 and 8.1 x 10°%), The association of rs12051272
alleles was. slightly more significant than that of 154783244, same
as the result for the first group (P = 3.8 x 107 and 9.5 x 10°%,
respectively after adjustment for sex, age, and BMI). The evidence
of association was strongest {P= 4.4 x 10°% and 6.9 x 10} svhen
data from two groups were combined (Suita-1 + Suita-2) and ad-
justed for sex, age, and BMI (Supp. Table $3). Finally, paivwise LD
(1%} between 154783244 and rs12051272 in Suita study group was
0.97. From these data, we concluded that the haplotype tagged by
1512051272 was most responsible for the association with plasima
adiponectin levels.

Since the first and second groups were derived from the single co-
hort; though they did not overlap each other, we next conducted an
additional analysis using the data from Yahaba study, another resi-
dential cohort study originated in northern part of Japarto confirm
our results from Suita study. The population characteristics of these
two stadies were different in several pohits, ‘The cohortin Suita study
are residents in the urban area of Osuka, the second largest city of
Japan, arid most of the residentsoviginated inl western part of Japan,
and settled down about half a century ago. In conirast, Yahabais a
small town Jocated in the rural area of northern part of Japan and its
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Table3. SNP Genotypes in COH13 and Adipenectin Types in Yahaba

HMW adiponectin

Non-HMW adipanectin

Additive Pvalue

Additive Poalue

SKE MAF

Genatype

Mean

Usiadj

s adj

2,98 adj

Meéan

Unadj a;s 2dj

amliadj

14783244 . 030 Female

Male

Cornbived

TsL 251272 .30 Female

Male

Corbined

- b
20

—
o

22
12
Ti

32
12
1%
22
12
1%

22
12
11
22
s
1

486

046

430 x 10

0.0071

056

413 ¥ W

0009

0.46

4.50.% 107

0.001

.56

450 % 1075

4002

42

3.80 x 10°°

4.001

383 x 1%

0.002

.67

0.13 0.15

.24 0.3

0.113 0062

0.24 .23

0.156 .09

mia

38

3056

(.20

0:38

0,089

MAE minor alléle ﬁi:qx\ency;",l; minar alfele; 2, major allele; wnadi, umd‘;ﬁugi«& m&;‘a&j, a;e»;méi sex‘ué‘ijusxtéé; as,B adj, age, sex, and BMI n,dyjustciia



residents were mostly indigenous since 18005, The rs4783244 and
1512051272 SNPs were genotyped using the TagMan PCR method
as described carlier. Although the samiple size in Yahaba was smaller
compared to the previous two studies, we found a statistically sig-
nificant dssociation (P = 0.0006 and 0.001 1, respectively) after male
and female were. comibined. Here, fenale samples in Yahaba did
nét show significant association between adiponeetin levels and ei-
ther SNP genotype ander any genetic model inchuding a dominant
model {data not slrown), while the MAF:in Yahaba was 0.31 and not
different from that for Suita study; This might be due to small num-
ber of Yahaba study or characterisiics of Yahiabia female, CDHI3
gene codes for T-cadherin that had been identified as a receptor
specific forhigh-molecular weight (HMW) adiponectin [Huget al.,
2004]. We next examined if the association. was specific for the lev-
els of HMW adiponectin and nat for that of low-molecular weight
(LMW} adiponectin using data from Yihaba study. As expected,
1512051272 SNP genotypés were significantly associated only with
the levels of HMW adiponectin (P = 0.0018 afer adjustment for
sex, age, and BMI} and not with that of other types of adiponectin
(P = 0.09) (Table 3). However, there was weaker assaciation be-
tween SNP genotype and HMW adiponectin in female than inmale
partly because of sex difference in plasma adiponectin concentra-
tions {female: 114 pgidl, male: 7.7 pg/dl, P'= 9 x 10°%). Since
several SNPs or mutant within the ADIPOQ gene, which codes
for adiponectin, had been reported to be associated with plasma
adiponectin levels previously, we genotyped these SNPs addition-
ally. These included 152241766: G (Gly15:cxanl}, rsis01299:A>C
{intronl}, rs710445:A5G (promoter), and 1le164Thr (nonsynony-
mous substitution). They indeed showed a weak but statistically
significant association with adiponectin levels in our Suita study
subjects [P 0.00093, 0.32, 0.0001, 2.2 > 10, yespectively); but the
magnitude of significance was smaller compared that of CDEHI3SNP
1512051272, The effect sizepresented in eta-squared for 1s12051272,
182241766, s1501299, ts710445, and Tlel64Thr was 3.28%, 0,27%,
0.02%6, 0.37%, and 2.62%; respectively. The beta-coefficient per
allele for them was 27.7%, 8.005, 2.4%, 8.7%, and 127.5%, respec-
tively. [1é164Thr nyatant showed thelargest beta-coefficient, but the
MAF was'very Tow (0.8%); resulting in smaller eta value than that
of rs12051272 {Table 4).

Since T-cadherin has been shown to bind low density lipopro-
tein-{LDL) cholesterol [Resink et ak, 1999]; we next analyzed the
assaciation between rs12051272 genotypes and the levels of LDL
cholesterol using the data from whole Suita study participants. The
112051272 genotypes showed no significant association with serum.
LDL cholesterol levels (P=0.19), as well as with total or HIDL choles-
terol levels (P=0.46 and 0.16, respectively). Plasma adiponactin lev-
els also have been shown independently related with many obesity-
refated phenotypes, including nsulin resistance [Lindsay et4l., 2002%;
Suehalatha et al., 2003], thelevels of fasting insulin, fasting ghicose,
and fasting TG. Sinice they showed a significant association also in
our study, we next evaluated the association between those phe-
rotypes and the 112051272 genotypes (Table SA). Interestingly,
although we failed to find any statistical association between them
insimpleregression analysis adjusted for age and sex, we founda sig-
nificant association when log-transformed plasma adiponectin Jevel
was included as an esplanatory variable. The partial correlation co-
efficient between plasma adiponectin levels and homeostasis model
assessment-estimated isulin resistance (HOMA-IR), the levels of
fasting insulin fasting glucose, and fasting TG in Suita study pop-
ulation was <0.39 (P = 5,00 x 107'%), -0.38 (P = 7.04 x 1079},
023 (P = 1.77 x 1077, and -0.36 (P= 4,48 x 107), respectively,
while that of plasma adiponectin levels and 1512051272 genotypes
(additive model) was 024 (P = 2.0 % 10°%), Similaly, that of
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Table:’5. Association of Dbesity-Related Phenotypes, Adiponectin; and the rs12051272 Genotypes in Suita {1+ 2)

P-value (response variable = cach parameter) Partial correfation coefficient

rsi2{avipt pladipe, rsi2 betw rs12 (a V) betwrs!2 (2 ¥) betw pl adipo
1812 (av) adipoadj pladipo {av}adj and each and pladipo. andeach
A. Adjustment of age and sex
Fasting insulin® 0.84 405 x 10¢ 9.09 x 10759 7.04 % 10 0,088 -0.22 <038
Fasting glucose® 6.66 2.53% 107 1A7 % 1672 177 % 107 -0:058 021 -0.23
HOMA-R 077 8,623 107 1.78 x 10°9¢ 500 x 10742 ~0.094 ~0:22 -0:39
Basting triglyceride 0.89 174% 108 2.92 % 107! 4.48 % 1078 £0.082 -0:22 .36
BMI 0.09 353 % 107 478 % 107 1,55 = 10°7° ~0.097 ~i22 -0:31
B. Adjustment of age,sex, and BMI
Pasting insylin® 0.40 0.013 6.7 % 107 177 % 10 -0:047 ~022 -0:26
Fasting glucose® 09% 0:036: 702 % Tt 1103 % 107 0,040 -(i22 017
HOMA-TR® 046 0.0033 3,16 % 1079 407 % 1™ ~0.053 -0.23 0.28
Fating triglyceride® 073 0.00074 7.01 x 107% 378 w 107 0,065 023 030

*Caleulated by using logarithm. rs12:rs12051271..a v, additive. variable; pl adipo, plasmia-adiponecting adj, adjustiient; beww, between,

each metabolic phenotype and thes12051272 genctypes (additive
model) was —0.094 (P = 8.62 x 107, -0.088 (P = 4.05 x 10'%),
-0.058 (P=2.33 x 10%), and -0.082 (P = 1.74 x 107%), respectively.
"The results were consistent if BMI was included as an explanatory
variable (Table 5B). This means the SNP genotype has ‘a-statisti-
cally significant negativeeffect on those phenotypes independent of
plasma adiponectin l'evels, withr$12051272-G alleleincreasing these
metabolic risks, but it i cancelled by its positive effect through in-
creasing adiponectin lévels simultaneously. The imecharmism how
the SNP genotype has effects on those phenotypes independent of
plasma-adiponectin levels remains to be elvcidated,

From the other point of view, when we analjzed the effect of
plasma adiponectin concentration on those phenotypes, the assodi-
ation hecamie evenstronger when adjusted forrs12051272 genotypes
(Table 5A, B). That suggests when we use the plasma adiponectin
levels as a marker for risk of cardiovascular events or MetS in the
clinical practice, as proposed by several researchers, the SNP geno-
types of CDH1I3 gene have to be considered. Based on our results
that SNPs for CDHI3 gene were strongly associated with HMW
adiponictin, we tried to-adjust HM W adiponiectin instead of plasma
adiponectin, but we only observed similar results betweenadjusting
HMW adiponectinarid plasmaadiponectinlevels (data not shown).

During preparation of this manuscript, a genome-wide associ
ation study in Korean population ‘as well as in Filipino women
reported that 1$3865188:A>T in CDHI3 was indeed associated with
adiponectin levels [Jee et al., 2010; Wi et-al,, 2010] as:shown here.
Also, it showed that G variant at rs12444338:G>T in linkage dise-
quilibrium with 153865188 had.an increased promoter activity of
CDHI3 gene in vitro [Jee et al., 2010]. However, our results did
show that 1512051272 SNP genotypes were miore significantly as-
sociated with adiponectin levels than 1512444338 SNP geriotypes
(Table 1 and'Supp. Table:54), while.rs12444338 SNP-genotypeswere
in linkage disequilibrium with rs4783244 and rs12051272 (Supp.
“Table $5).

Discussion

Adiponecfin is an adipokine, secreted specifically and abundantly
by adipose tissues. It has attracted much attention becanse ofitsan-
tidiabetic and antiatherosclerotic effects by sensitizing the body-to

insulin. 1t has been shown that adiponectin inhibits hepatic glucose:

production, enhances glucose uptake in muscle; increases fattyacid
oxidation in both liver and muscle, arid augments énergy expendi-
ture by enhancing uncoupling of ATP generation in mitochondria in
vitro. Numerous stidies have shown that plasma adiponectin con-
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centration correlates negatively with fasting: plasma insulin levels
and insulin resistance measures. Lower plasmalevels of adiponectin
have been shown'ts be associated with:obesity, type 2 diabetes, coro-
nary artery disease, hyperlipidemia, hypertension, and the MetS,
Some investigators suggest that it can be considered as a biomarker
or a diagnostic marker to predict vulnerability for Met$ [Martin
et-al., 2005; Santaniemi et.al., 2006], cardiovascular events {Pischon
etal,, 2004], and in-stent restenosisafteracute myocardial infarction
[Kitta et al., 2008; Moldoveanu et al., 2008].

Adiponectin: exists in three. major oligomeric forms; a LMW
ttimer, a middle-tnolecular weight {(MMW) hexamet, and HMW
12-to 18-mer, A.small amount of glebular form, possiblyresulting,
from proteolytic cleavage, hasalso been described. Recently, HMW
adiponectin has been especially attractingattention because the level
of HMW adiponectin was reported to be more significantly asso-
ciated with parameters related to glucose metabolism than other
farms. The level of HIMW adiponectin oi the ratio of HMW to total
adiponectin was shown to be more relevant to the prediction of
insulin resistance [Lara-Castio et'al,, 2006].

T-cadherin (CDH13), which is expressed in endotheliim and
smooth muscle; has been identified as-a receptor specifictfor HMW
adiponectin [Hugetal,, 2004). Theaminoacidm otifof T-cadherinis
well coriserved in frigher eukaryote compared.to that of E-cadherin,
suggesting of some biological significance. It lacks a cytoplasmic
domain dnd is anchored to the surface methbrane via glycosyl phos-
phatidyl inositel (GPT) moiety, itis speculated that'T-cadherin may
act as a co-receptor along with other signaling molecules; but its
physiological roles ave largely unknown, T-cadherin has been shown
to be more strongly expressed in regenerative endothelial cellsand

wasciilatsmooth musclecells in the region of atherasclerosis than in:

those of the nornal artery, and the level of its expiession is known
to'be correlated with the progression of atherosclerosis, implicating
that it’is playing some role in atherosclerotic changes.

We showed a single SNP 1512051272, tagging a corresponding
haplotype constituting of £s12051272 and rs4783244, was signifi-
cantly associated with the plasima. adiponectin levels. The associ-
ation of the rs12051272 SNP genotypes and plasma adiponectin
[evels was consistent across all studies. The effect size measured in
etasquaredin Suitastudy populationsuggested that the two variafits
512051272 in CDHI3 gene and Ilel64Thr of ADIPOQ explained
3.28% and 2.62% of the variation in plasma adiponectin levels,
respectively. Titeraction between rs12051272 in the CDHI3 géne
and +5177>C (Ile164Thi) within ADIPOQ gene was not statisti-
cally significant, thaugh the combined effects of these two SNPs
on, plasma adipenectin concentrations were shown to be additive
(data not shown). Althoughi the rs12051272 showed the smaller
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beta-coefficient than Ile164Thz, the contribution in the population
was greater because of the higher MAE

Previously, a similar GWAS' study -adiponectin was reported
[Richards et al., 2009]. They used the same SNP platform, lllumina
HumanHap550, as-ours buit failed to identify any cis- or trans-SNP
-of CDHI3-affecting the plasma adiponectin levels. llumina Hu-
manHap550-assay contains a‘probe for rs4783244 but not that for
1512051272, The haplotype structure data obtained from Human

HapMap project showed that the MAF of rs4783244 was similarly
high in both Caucasiansand Japanese (0.46 and 0.32), while that of

1512051272 was much lower in Caucasians {0,01) than in Japancse
(0.25). Based. on our study resilts and the above, we estimated the
power of detection fer the SNP 1512051272 in Japanese as 0,992,
while we did that in Caucasian as only 0.00002. Our result.suggests
that the haplotype constituting T allele 0f 1512051272 (G/T) and T
allele of rs4783244 (G/T), tagged by a single 1512051272 SNP, has
an effect in decreasing plasma adiponectin levels. llumina Human-
Haps50 does not contain the probe for 1512051272, along with the
too low MAF of this TT haplotype to be detected of significant as=
sociation in Caucasian population that contains mostly GG and TG
haplotypes, were the main reasons why GWAS in Caucasian popu-
lation failed to identify the significant association, The difference of
MAF may-also partly explain the différence in the baseline plasma
adiponectinlevels between Japanese and American. Kadowaki et al.
showed that the American men had been shown to have higher
levels of adiponectin thar the Japanese men despite higher levels
of obesity [Kadowaki et al, 2006). Since the majority of American
had adiponectin-increasing r$12051272-G alleles, the mean plasma
adiponectini levels can be apparently higher accordingly, but this
does not mean the Americans are more resistant to risk phenotypes.
because this allele has an independent effect on augmenting insulin
resistanceas shown by the partial correlation coefficients: The mean
difference in plasma adiponectin levels between GG and TT groups
inr Japanese wasaround 2 pgfml consistently in both sexes in three
independent groups, so the sole genotypic difference in T-cadherin
gene inay not explain the 6 pg/mi difference between Japanese and
Americans.

Compared with thereport of the genome-wide association study
in Korean population as well as in Filipino women, our results
did show that rs12051272 SNP genotypes were more significantly
associated with adiponectin levels and especially with the levels of
HMW adiponectin than 1512444338 SNP genotypes.

Our results provide two novel insights relating T-cadherin. First,
in analyzing the physiological effects of plasma adiponectin, the
analysis has to be adjusted for the SNP genatypes that would affect
the. 28% of 8D changes in plasma adiponectin level per allele.

Several researchers have proposed to use the plasma adiponectin
levels as a marker for risk of cardiovascular events of MetSin the clin-
fcal practice. For that purpose, the effect of the SNP genotypes, with
the mean difference of 1 pg/ml perallele, on thelevels of adiponectin
is too large to ignore, especially in Japanese. Second, T=cadherin
should have some unknown effect independent of adiponectin lev-
els, sifice the sairie allele had a#f opposite effect judging from the
resultsof partial correlation coefficient. The effect ofthe 1512051272
SNP also has to be elucidated. Since the SNP is located in.the first
intron of CDH13 gene and the surrounding nucleotide sequence did
not match the knowr transeription factor binding site or miRNA-
targeted scquence, it is likely that the rs12051272 is-a mere marker
SNP tagging the phenotype-affecting haplotype present in 30-kb
haplotype block covering from the promoter region to the first in-
tronof CDH13. The idea that phenotype-affecting haplotype tagged
by 1512051272 SNP would affect the baseline level of T-cadherin in
the tissues is attractive, since the increasing amount of T-cadherin

may capture the free adiponectin molecules in the plasma result-
ing in lowering plasma HMW adiponectin levels, simiultaneously
increasing the adiponeciin signalsin the peripheral vessel walls re-
sulting in-augmenting the effect of adiponectin per cell. Therefore,
we may have to take the CHD13 genotypes as well as ADIFOQ
genotypes into account if the plasma adiponectin levels is-used as
a marker for d.visk of cardiovascular events or diabetes, though the
attempt to comparethe level of I=cadherin in peripheral vessel walls
with the genotype will give us further evidence:for this result.
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